This paper constructs a New Keynesian model to study optimal tax and government spending rules and compares their welfare. The output gap, inflation and the difference between the output gap and the government spending gap all affect welfare. This paper finds that the optimal fiscal policy instruments under technical shock and cost-push shock are government spending and tax, respectively. If the policymaker is only concerned with the output gap and inflation, the optimal fiscal policy rule and actual social welfare loss will change. However, the optimal fiscal policy instruments under technical shock and cost-push shock are still government spending and tax. This paper also finds that an imperfect financial market affects social welfare but does not change the optimal fiscal policy instrument under different shocks.
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term but has a bigger adverse effect in the long term. If the interest rate is close to zero, the impact of cutting government spending on output increases.
Most related empirical studies use SVAR models. Blanchard and Perotti [4] find increasing government spending has a positive effect on output, and increasing taxes has a negative effect, and they both have a negative effect on investment spending. Mountford and Uhlig [5] and Caldara and Kamps [6] find that the multiplier of tax cuts is greater than that of increasing government spending. Batini et al. [7] find that in order to meet fiscal constraints, increasing taxes has a less adverse effect on output than cutting government spending. In addition, Arin et al. [8] , using Bayesian model averaging, find that productive public spending has a positive effect on output, while top corporate tax rates have a negative effect, and fiscal variables with no robust effect on output include top income tax rates, government consumption, and distortionary taxes.
The studies are only concerned with the effect of fiscal policy on output.
However, what affects social welfare includes not only output but also inflation and other things. What is more, they ignore the different effects of fiscal policy under different shocks. This paper constructs a simple New Keynesian model to study optimal fiscal instruments under different shocks. In contrast with Woodford [9] , the welfare loss function in this paper includes not only the output gap and inflation but also the difference between the output gap and the government spending gap. The optimal tax and government spending rules are given and their welfare losses are compared. Tax can stabilize cost-push shock, but not technology shock, while government spending can stabilize technology shock, but not cost-push shock. This means that the optimal fiscal policy instrument under technical shock is government spending, and the optimal fiscal policy instrument under cost-push shock is tax.
If a policymaker is only concerned with the output gap and inflation, tax and government spending will eliminate the effects of cost-push shock and technology shock on marginal costs and then further eliminate the output gap and inflation. However, the actual welfare loss increases when using tax (government spending) to stabilize technology (cost-push) shock.
Finally, this paper assumes that households cannot access the financial market. In this case, the optimal fiscal policy instruments under technical shock and cost-push shock are still the government spending and tax respectively, and both they can achieve the effective allocation. This paper is organized as follows. Section 2 constructs a New Keynesian model. Section 3 log-linearizes the welfare function and constraint conditions. Section 4 considers the optimal tax rule and the optimal government spending rule and compares their welfare. Section 5 analyzes the impact of imperfect financial markets on fiscal rules and social welfare. Section 6 is the conclusion.
Model
According to traditional New Keynesian model, the households are evenly dis- Each household has the same preference. Suppose that the elasticity of the intertemporal substitution of consumption and the wage elasticity of labor supply are both 1. The representative household maximizes the utility function:
where E is the expectation, β is the discount factor, C t is the consumption index, L t is the labor time, χ is the ratio of consumption to government expenditure in utility. This form of utility function is easy for us to derive the second-order welfare loss function.
The budget constraint of household is: 
Equation (3) shows that the positive marginal utility of increasing labor supply is just equal to its negative marginal utility. We can also get the Euler equation:
where ( ) 
A is the level of technology, assumed to be common to all firms and to evolve exogenously over time. Following Calvo [11] , the firm resets price ( ) t P i with a constant probability, 1 α − , in each period to maximize the expected profit:
where t τ is the sales tax rate, η is the government subsidies at steady state to eliminate the monopoly distortion. The first-order condition for this optimal problem is:
where 1
, denotes price markup. Y t is the output, defined as
Calvo pricing means the price follows the rule:
Log-Linearization
Log-linearization first requires determining the steady-state value of each variable. In the steady state, there are no exogenous shocks.
Social planner maximizes the welfare function 
When the price is sticky, the welfare loss function can be obtained by the second-order approximation method of Woodford [10] :
where tip is the terms independent of policy including constants and functions of exogenous shocks,
O ξ stands for the terms that are of order higher than the second, second-order effect of government spending crowding out consumption. When 1 χ = , the welfare loss function is consistent with Woodford [9] . Theoretical Economics Letters Log-linearizing optimal pricing rule can obtain the New Keynesian Phillips curve:
where ˆt µ denotes the cost-push shock. An increase in output increases labor demand and leads to an increase in wage, which in turn increases marginal cost and inflation. The smaller the price stickiness, the larger k, then the higher the inflation caused by the increase in output. Increasing the tax rate raises the marginal cost and increases inflation. Given the output, government spending will crowd out consumption. According to Equation (3), the real wage will fall, which will reduce inflation. When firms expect an increase in inflation, they raise prices, which in turn leads to inflation.
Log-linearizing Euler equation can obtain the New Keynesian IS curve:
where
When the interest rate rises, current consumption declines, resulting in a decline in output. Meanwhile, increasing government spending will lead to higher output.
Optimal Fiscal Policy
If both tax and government spending can be used, efficient allocation will be
ing analyzes the optimal tax and government spending rules.
Optimal Tax Rule
Under the constraints of Equations ((10) and (11)), the central bank and fiscal authority choose { } , , ,
π τ to the maximize welfare loss function Equation (9) . The optimal tax and monetary rules are:
From Equation (14), we know that tax does not change under technology shock, but decreases with the increase of cost-push shock to completely eliminate the impact of cost-push shock on marginal cost. When there is a technology shock, the tax rule is ˆ0 t τ = , and the interest rate rule is 
Optimal Government Spending Rule
Under the constraints of Equations ( (10) and (11) 
Simulation
To more intuitively compare the welfare losses of tax and government spending, this paper will conduct simulations. All the parameter values are commonly used in the literature. The discount rate β is 0.99, the elasticity of product substitution θ is 11, the price stickiness index α is 0.8, the share of consumption in output in steady state χ is 0.7 in the steady state, and the tax rate in the steady state τ is 0.3. According to Woodford [9] and Gali [12] , welfare loss can be expressed as:
where var(X) denotes the variance of X. Table 1 shows the welfare losses under technology shock and cost-push shock.
Consistent with the above analysis, government spending can fully stabilize technology shock to achieve effective allocation, and the welfare loss is zero. If tax is used to stabilize technology shock, the welfare loss is 0.0079. That means welfare loss accounts for 0.79% of output in the steady state. The output gap, inflation, and the difference between the output gap and the government spending gap cause welfare loss by 0.0024, 0, and 0.0055, respectively. This case is the same as in the absence of fiscal policy, and tax under technology shock is superfluous.
Tax can fully stabilize the cost-push shock with zero welfare loss. If government spending is used to stabilize cost-push shock, the welfare loss is 0.0161, Theoretical Economics Letters 
Alternative Welfare Objective
Equation (9) 
The central bank and fiscal authority choose { } (10) and (11)). The optimal path of each variable under tax policy is: 0
In this case, tax decrease with the increasing of technology shock and cost-push shock to offset their effects on the marginal cost. The optimal path of each variable under government spending
spending can eliminate the output gap and inflation.
As shown in Table 2 , although the output gap and inflation both are zero, the real welfare loss function expressed as Equation (20) is worse when using government spending to stabilize cost-push shock or using tax to stabilize technology shock. However, the optimal fiscal policy instruments for technology shocks and cost-push shocks are still government spending and tax, respectively.
Imperfect Financial Market
As per Gali et al. [13] , this paper will analyze households without access to the financial market. The households cannot use bonds to smooth consumption as before. The budget constraint of households is:
From Equations ( (3) and (22)), we can get:
Equation (23) means if households cannot access the financial market, labor supply is constant. We get:
The welfare loss function under an imperfect financial market is:
The New Keynesian Phillips curve is:
The central bank and the fiscal authority choose { } When the fiscal instrument is government spending, the optimal government spending rule is:
The inflation target is:
From Equations ((27) and (28) 
Conclusions
Many studies compare the difference between the tax multiplier and government spending multiplier, but they only focus on the effect of fiscal policy on output, not on social welfare. In addition, these studies also ignore that the effects of fiscal policy are different under different shocks. In this paper, a simple New Keynesian model is established to study the optimal tax and government spending rules and compares their welfare difference. This paper finds that the optimal fiscal policy instruments under technical shock and cost-push shock are government spending and tax, respectively. The factors affecting social welfare include the output gap, inflation, and the difference between the output gap and the government spending gap. If the policymaker is only concerned with the output gap and inflation, the actual social welfare loss will change. However, the optimal fiscal policy instruments under technical shock and cost-push shock are still government spending and tax, respectively. Finally, this paper assumes that households cannot access the financial market. In this case, the optimal fiscal policy instrument under different shocks does not change.
There are rooms of improvement in this paper. In order to simplify the model, this paper sets the relative risk aversion coefficient to one, and a general utility function can be set up in the future. In addition, this paper does not consider fiscal budget, and government sector can be introduced into the model. Finally, interest rate in many developed countries approaches to zero, and this means fiscal policy is more important, and we can study the optimal fiscal instrument in this case. Theoretical Economics Letters
Appendix A: Log-Linearization of Welfare Objective
Taking second-order approximations to the representative household's utility function, we can get: 
